Objectives-To study the availability of neurosurgical intensive care for the traumatically brain injured in all 36 neurosurgical centres in the United Kingdom and Ireland receiving head injuries, the response times to referral, and the advice given to the referring hospitals. Methods-Telephone survey of receiving neurosurgeons regarding their bed status and their advice on three hypothetical case scenarios. Outcome measures included response times for an acute head injury to be accepted to a neurosurgical centre; the intensive care bed status; variations in advice given to the referring hospitals with regard to ventilation, use of mannitol, steroids, anticonvulsants, and antibiotics. Results-There were 43 neurosurgical intensive care beds available for an overall estimated population of 63.6 million. There were 1.8 beds available/ million of the population for nonventilated patients, 0.64 beds available/ million for ventilated patients, and 0.55 beds available/million for ventilated paediatric patients. London had a shortage of beds with 0.19 adult beds for ventilation/ million north of the Thames and 0.14 adult beds for ventilation/million south of the Thames. The median response time for a patient with an extradural haematoma to be accepted for transfer was 6 minutes and 89% of such a referral was accepted within 30 minutes. Clinically significant delays in receiving referrals (over 30 minutes) occurred in four units. Practices regarding the use of hyperventilation, mannitol, anticonvulsants, and antibiotics showed little conformity and in some cases were against the available evidence and advice given by published guidelines. Conclusions-There is a severe shortage of available emergency neurosurgical beds especially in the south east of England. The lack of immediately available neurosurgical intensive care beds results in delays of transfer that could adversely aVect the outcome of surgery for traumatic intracranial haematoma. Advice given to the referring units by the receiving doctors is very variable. (J Neurol Neurosurg Psychiatry 2000;68:8-13) 
A planning committee of the Society of British Neurological Surgeons (SBNS), after the second world war, 1 recommended confining neurosurgeons to regional centres (at that time only 14 in the United Kingdom and Ireland) to where severe head injuries would be referred from outlying district general hospitals (DGHs), to expand services in the existing neurosurgical units, and that additional centres be created in regions where services were inadequate. There are now 36 neurosurgical units.
The number of patients needing treatment for head injury in a specialised unit has been increasing since 1945. The population of the United Kingdom and Ireland has increased from 53 million in 1946 to 63.6 million in 1994. 2 3 Neurosurgical practice has changed since the 1940s to include the management of patients with closed head injury without an intracranial mass lesion demanding the specialised resources of a neurosurgical intensive care unit. [4] [5] [6] The objective of this study was to evaluate the availability and accessibility of acute
Neurosurgical intensive care units in the United Kingdom and Ireland. Note that there are three units in Manchester and seven in London
neurosurgical beds for head injury care in Great Britain and Ireland and the variations in advice given to referring hospitals by the on call neurosurgeon.
Methods
A telephone survey of all 36 neurosurgical units receiving acute heads injuries in the United Kingdom and Ireland was undertaken on Tuesday 2 September 1997. This date was chosen because it was the day before the biannual meeting of the Society of British Neurological Surgeons and elective work was likely to be at a minimum while still having a full complement of expert neurosurgical staV on site in each of the units. The survey was completed by two interviewers between noon and 800 pm that day. The distribution of neurosurgical units in Britain and Ireland is shown in the figure.
The on call surgeon was informed that this survey was anonymous and confidential. Having established that he was not dealing with emergency work at that time, the following questions were asked: how many available intensive care beds or high dependency beds were staVed for ventilation of adults and children?; how many free beds for nonClinical scenarios presented over the phone to the receiving neurosurgeon PATIENT 1 (EXTRADURAL HAEMATOMA) A 30 year old man with no helmet fell oV his bike, sustaining a head injury. He lost consciousness for 2-3 minutes. On arrival to the hospital, he was eye opening to speech, oriented, and obeying commands. He had a headache and vomited twice. Examination showed a right parietal boggy swelling with a 7 cm laceration but no other injuries. Soon afterwards, he started deteriorating, eye opening to pain, muttering incomprehensible sounds, and localising. His pupils were equal and reacting. His pulse rate was 76 per minute, his blood pressure 140/80 mm Hg, and his respiratory rate 20/min. Chest and cervical spine radiography were normal. Brain CT showed a right sided parietal skull fracture with an underlying large extradural haematoma causing 7 mm midline shift. He had a normal full blood count and biochemistry. His arterial blood gases were: PaO 2 18.4 kPa (on 16l /O 2 /min by mask), PaCO 2 4.5 kPa. His wound was covered with a sterile dressing which controlled the bleeding. PATIENT 
(PAEDIATRIC OPEN HEAD INJURY)
An 18 month old baby girl was struck on the left side of her head by a falling object. She was found bleeding profusely by her mother. On arrival at the hospital, the child was eye opening to pain, whimpering occasionally, and moving all her limbs to painful stimuli but generally hypotonic. Her pupils were equal and reacting (5 mm) , and when open, she fixed and followed the examiner. She had a 4×6 cm star shaped dirty wound on the left side of her scalp. There was a visible skull fracture with brain tissue protruding from the wound. She had no other injury. Her vital signs were pulse rate 120/min, blood pressure 90/76 mm Hg, and respiratory rate 26/min. Her temperature was 36.3 0 C. She was administered oxygen by mask and intravenous fluids. Her wound was washed with saline and covered with a sterile dressing. Her haemoglobin was 8.7 g/dl (haemacrit 27%), and the biochemistry was normal. Her arterial blood gases were pO 2 20.5 kPa, pCO 2 3.7kPa. Her cervical spine radiograph was normal but her skull radiograph showed a stellate depressed fracture (2 mm) in her left parietal bone. PATIENT 
(DIFFUSE HEAD INJURY)
A 55 year old woman lost control of her car, which overturned at least once. She seemed not to have been wearing a seat belt and her forehead hit the windscreen. The person in the passenger seat was killed. The ambulance service were at the scene within minutes and found the patient to be unconscious (no eye opening, flexing to pain, and making no sounds but breathing spontaneously). She was intubated in the field, intravenous access was established and she was placed on a spinal board with cervical collar and sand bags. On arrival at the hospital the patient was being ventilated manually with 100% oxygen. On examination there were good breath sounds on both sides of her chest. Her pulse rate was 86 per minute and her blood pressure was 110/80 mmHg. She had no eye opening and was flexing to pain. Her pupils were equal and sluggishly reacting. She had bilateral periorbital haematomas. There were bruises over her upper chest but no palpable fractures. Her abdomen was soft and not distended. Peritoneal lavage was negative. Radiographs of her cervical spine, chest, pelvis and thoraco-lumbar spine were normal and she had no limb injuries. Brain CT showed a diVuse type head injury with no mass lesions. The basal cisterns were compressed and the third ventricle not seen. Laboratory tests showed a normal full blood count and biochemistry but abnormal coagulation times (PT 21 seconds, PTTK 42 seconds, and INR 1.2). Her arterial blood gases were: PaO 2 28.4 kPa, PaCO 2 3.1 kPa. The patient was paralysed and sedated and her facial abrasions cleaned. Her medical history was unknown.
For each of the three scenarios the receiving doctor was asked whether the patient would be accepted for transfer. In the first two cases the doctor was asked whether the patient should be intubated and ventilated for transfer and whether the wound should be sutured. In the second case we asked whether the child should have CT before transfer. In all patients advice was sought regarding who should transfer the patient, what blood gases should be aimed for, and whether mannitol, antibiotics, anticonvulsants, or steroids should be given before leaving the emergency department. ventilated emergency admissions were available at that point in time?; how long had the receiving doctor been training as a neurosurgeon and who was supervising him?
The receiving surgeon was then given three hypothetical scenarios of traumatically brain injured patients typical of a referral from a district hospital to a regional neurosurgical unit. The interviewer explained to the neurosurgeon on call that these were to be dealt with as if the interviewer were a general surgical registrar calling from a district accident and emergency department with no neurosurgical services available to him in his own hospital. The three case scenarios are shown in the box.
The time taken from dialling the number of the unit to the time when the neurosurgeon accepted or refused the patient was recorded (the response time). If the surgeon was committed to clinical work he was rung later and times corrected for this delay. If the patient was refused, the time taken to refer the patient to the next nearest neurosurgical unit was calculated and added to the original time until the patient would have been accepted for care.
Populations for each health region were obtained from the 1992 Society of British Neurological Surgeons publication Safe Neurosurgery. 7 The projected number of head injuries in each region during one 24 hour period were calculated. In the United Kingdom, 313 head injuries/year are admitted to hospital per 100 000 population. 8 Of these 313 patients, a conservative estimate of 5% might be transferred for neurosurgical care, giving a neurosurgery admission rate of 15.65/100 000 population per year.
Results
All 36 neurosurgical units in the United Kingdom and Ireland were contacted and included in the study without exception. For the whole of the United Kingdom and Ireland, a population of 63.6 million, 2 3 43 adult intensive therapy unit or high dependency unit (HDU) beds were available to ventilate patients with severe head injuries. The regional intensive therapy unit bed availability and the number of projected head injury referrals are given in table 1. There is overlap of some regions and therefore the total population shown in table 1 is artificially larger than the real population.
In five of the units surveyed, the receiving doctor was a senior house oYcer, two of whom had registrar as well as consultant cover. In the other 31 units specialist neurosurgical registrars received the referral call. The mean duration of experience was 2.6 (SD 1.73) years at registrar level.
The response time (the time to acceptance for transfer) for the patient with an extradural haematoma was chosen for comparison because the only life saving treatment was urgent operation and the outcome of the operation would be aVected by the speed of the response. 9 The median response time was 6 minutes (range 3-76 minutes; interquartile range 5-11 minutes). Forty two per cent (n=15) of referrals were accepted within 5 minutes of dialling the neurosurgical centre, 72% (n=26) within 10 minutes, and 89% (n=32) within half an hour.
Delays greater than 30 minutes in accepting patients occurred in four cases out of the 36. One occurred because the receiving surgeon was in theatre and therefore unable to come to the phone (33 minutes). The second was caused by a receiving SHO, who was not allowed to accept the case independently and had diYculty consulting with his registrar. The remaining two were both in the London area (50 and 72 minutes) and were caused by refusal due to lack of beds and subsequent referral to other hospitals in the region. There were other units in the country which did not have adult intensive care beds but they were prepared to admit the patient to theatre and retain the patient there postoperatively until the bed shortage was resolved.
Eight of the 36 hospitals refused patient 2 but suggested other units nearby, all of whom accepted the patient. Four of the refusals were on the grounds that the hospital had no paediatric facilities and the paediatric head injury referral centre was nearby in another hospital. The other four were in neurosurgical units with paediatric facilities who ordinarily would have accepted the child but lacked the bed spaces. is actually 63.6 million †Calculated using number of head injury admissions/year = 313/100 000, 5% admitted to neurosurgery, adjusted for the regional population.
Of the 32 units who had paediatric facilities, eight (25%) requested that CT be performed before referral of the infant even if this were to cause a transfer delay. Patient 3 was refused by six units. Two of these recommended that the patient could be managed in a general intensive care unit without ICP monitoring facilities or neurosurgical intensive care, without higher consultation. The other four refusals were on the grounds that the units had no beds.
Bed status allowing, all 36 units would have accepted patient 1 and all but one receiving neurosurgeon felt that he should be intubated before transfer (97%). Nineteen (59%) of the 32 units with paediatric facilities requested that patient 2 be intubated before transfer. All units asked for the patient to be accompanied by an anaesthetist except one receiving doctor who recommended that patient 2 could come with a junior doctor or experienced ambulance crew.
All units stated that steroids should not be given to any of the patients. The results of our questions relating to the other therapies are listed in table 2.
Fifteen units (44%) requested that we suture the head wound in patient 2 to prevent further blood loss and two receiving surgeons asked for blood to be transfused en route. Six units (17%) wished for the 30 year old man with the extradural to have his head wound sutured even though the bleeding was controlled and this would mean delay.
Discussion
Most head injuries in the United Kingdom (90%-95%) are managed without neurosurgical intervention. 8 Development of neurosurgical expertise within DGHs is not an eYcient use of resources as most will deal with only a few severe head injuries in any 1 year. 10 11 Increasing bed numbers combined with a more liberal admission policy can reduce the mortality rate from intracranial haematoma, 12 but the appropriate management of resources rather than their inadequacy has also to be considered. [13] [14] [15] In 1986, the Royal College of Surgeons working party recommended an additional 100 CT scanners were needed for adequate neurosurgical care. It is now common for district general hospitals to have access to 24 hour CT facilities scanning on site (one third in the south of England in 1991). 16 With emergency CT in district general hospitals and the specialists based in regional units, guidelines to decide who is to be scanned and who is to be referred to the regional neurosurgical unit are essential for good practice. The most recent guidelines based on a review of the current literature are those issued by the American Brain Trauma Foundation, 17 The European Brain Injury Consortium, 18 and The Society of British Neurological Surgeons. 19 Guidelines for intubation and ventilation have been published by a group of neuroanaesthetists. 20 Telephone surveys have intrinsic problems, despite the investigators ensuring 100% participation. Postal surveys can be thought through at the readers' leisure, but it would have not been possible to accumulate the necessary data in such a manner.
The response times to refer patients presented here are more likely to be underestimated because an on call registrar is more likely to accept a hypothetical case than a real one to a unit with stretched resources and the presented information was in an ideal format for decision making. Our projected number of severe head injuries/day is based on data from the early 1980s 8 and we accept that the incidence may well have changed as may the proportion of patients transferred to the neurosurgical unit. Likewise, data on the number of beds available is probably an overestimate because on a countrywide scale, the day before the SBNS conference is the quietest time of year from an elective surgery reducing the burden on the local intensive therapy unit. With traumatic brain injury making up only part of emergency neurosurgical practice, 43 beds available nationally to cope with the projected 28.6 head injuries is far from suYcient especially if the number of beds are likely to be overestimated.
Five out of the eight London hospitals had no adult intensive therapy unit beds available and the other three had one each, in a region of over 17 million and a projected seven referrals of severe head injury/day. It is clear that on the day we performed our study there was a critical intensive therapy unit bed shortage in south east England, particularly as neighbouring Wessex also had no beds available for admission.
Delay in the evacuation of extradural haematoma is associated with increased morbidity and mortality. 9 21 It is diYcult to quantify the increases in risk with delay but it has been suggested that a delay from diagnosis to evacuation of greater than 2 hours is unacceptable. 9 A refusal of patient 1 by a neurosurgical unit or a delay in acceptance would have a significant eVect on outcome.
In five units the on call person had no previous experience of neurosurgery and one unit had a preregistration house oYcer who could not be more than 3 months qualified as a doctor considering the time of year we did this study. Nevertheless, this did not cause any undue delay in referral in the case of that unit as the registrar was nearby. One of the eVects of the hours of work restrictions are that not all neurosurgical units can be staVed with a specialist registrar receiving emergency calls.
Consensus recommendations for patients with severe head injury who are in coma are that they should be transferred as rapidly as possible after being fully resuscitated and stabilised for neurosurgical intensive care. 4 20-24 They should be accompanied by an anaesthetist or a doctor who is adept at handling ventilated patients 16 as recommended by all the neurosurgical units in this study. Intensive hyperventilation (PaCO 2 <4 kPa) was advocated by almost a third of surgeons for patients 1 and 3, despite published guidelines. 20 Three surgeons (all specialist registrars) advised keeping the PaCO 2 below 3.5 kPa.
Mannitol is used in the emergency treatment of patients with head injury who are in danger of brain herniation as a result of raised intracranial pressure provided blood volume is maintained by adequate fluid replacement. Such diuresis can cause dehydration and hypotension 5 and therefore should be avoided in a patient with hypotension or severe blood loss. In the case of the child with the open head injury (and therefore self decompressing) there was no evidence of raised intracranial pressure. Additionally, she had clearly had moderate blood loss, important in a child that age. One neurosurgical unit advised that mannitol be given to this child before transfer.
There is class I data (randomised, controlled, prospective studies) that shows there is no evidence of benefit of steroids in acute head injury. 25 This is generally known among neurosurgical trainees as shown by the unanimous advice.
Prophylactic use of anticonvulsant drugs is not recommended in general but the American group suggest it as an option for those at high risk of seizures (for example an open head injury where the dura is not intact). 21 26 They reduce the incidence of early but not late posttraumatic seizures and therefore they should only be used as prophylaxis in the early postinjury period. 26 27 It would therefore follow that patients 1 and 3 would not benefit from prophylaxis but patient 2 would. More interviewees recommended antiepileptics for patient 2 than the others but there was no obvious consensus on this matter.
As with anticonvulsants it is not clear that there is benefit of antibiotic prophylaxis in head injuries except in patients with compound, depressed skull fractures or penetrating head wounds. 27 There is an argument for giving antibiotics to patient 2 as 84% of doctors advised. There is absolutely no argument for giving antibiotics to patient 3, who had some scratches on her face and no evidence of aspiration or CSF leak. However, two receiving units recommended antibiotics.
Patient 3 presented a conundrum on two levels. Firstly, some units would not accept a patient of this sort, as there are some neurosurgeons who do not advise neurosurgical intensive care for diVuse head injuries on the grounds that they will not need an operation and can be cared for within a general intensive therapy unit without intracranial pressure monitoring. Secondly, although she had a normal supine chest radiograph and no evidence of rib fracture she was at risk of having a major thoracic injury (for example, aortic dissection) which can present late. 28 Only 16 (44%) of the 36 units actually had a thoracic facility on site.
Our findings show that there are large diVerences in the availability of neurosurgical intensive unit beds between regions and the shortage in the London area is most acute. There were also wide diVerences in treatment and acceptance protocols for severe head injuries throughout neurosurgical units and some of the advice given would not be in line with published guidelines.
HISTORICAL NOTE

Arnold Chiari, or "Cruveilhier Cleland Chiari" malformation
In 1891, Hans Chiari (1851-1916) wrote his first paper on ectopia of cerebellar tissue. 1 He described a malformation of the cerebellum and brainstem with varying descent through the foramen magnum into the cervical canal. He related the changes to congenital hydrocephalus, because he had not observed the deformities in late onset or acute hydrocephalus. The malformation is not described in Kinnier Wilson's Neurology, and presumably was long regarded as a rare curiosity until the surgery of dysraphism and hydrocephalus began. Unfortunately, some English translations of Chiari's work 2 contained inaccuracies, but Koehler has corrected these. 3 Chiari described three grades:
Type 1 showed "elongation of the tonsils and medial parts of the inferior lobes of the cerebellum into cone shaped projections, which accompany the medulla oblongata into the spinal canal."
In most cases the cerebellum itself appeared normal, but in some instances there was softening or sclerosis. The fourth ventricle was normal or slightly elongated; the medulla appeared flattened. Chiari was uncertain whether these changes cause symptoms or not, but he was inclined to believe bulbar symptoms might result.
He recorded type 2 changes in a 6 month old child who had paraplegia, a paralysed bladder, and had succumbed to pneumonia. The pons descended into the spinal canal over 6 mm. And the medulla extended to the third cervical vertebra. The baby had hydrocephalus and "a cylindrical hole 6 mm in width, filled with clear serum" in the dorsal side of the spinal cord extending from the first to the seventh segment. A second cavity, a "hydromyelie" was found a few segments below.
There was also diastematomyelia, meningomyelocoele, and displacement of the conus to the level of the sacrum.
He found only one example of type 3, a malformation with absence of part of the tentorium cerebelli and prolapse of the cerebellum and fourth ventricle into the cervical canal and an associated hydromyelic cavity in communication with the fourth ventricle.
In 1896, Chiari added 4 63 cases of congenital hydrocephalus of which 14 children or adults had a type 1 malformation, seven had a type 2-mainly neonates a few days old, who had varying types of spinal dysraphism. He had noticed that the severity of the hydrocephalus did not relate to the extent of the malformation and he postulated that defective growth of the skull caused raised local pressure, presumably forcing down the hindbrain. He thought that there was a graded increase, ranging from descent of cerebellar tissue within the fourth ventricle, to descent with, but dorsal to it. He also recorded two instances of hypoplasia of the cerebellum that he believed had been caused by hydrocephalus.
Hans Chiari was the son of a famous Austrian gynaecologist, JBVL Chiari, who held chairs in Prague and Vienna and described post-partum galactorrhoea with pituitary adenoma, amenorrhoea, and low follicle stimulating hormone (Chiari-Frommel syndrome), which we would now recognise as prolactinoma. Hans was professor of pathology in Prague's German University and later in Strasbourg. He wrote a classical history of pathology and the first account of chorionic carcinoma. His vast knowledge was widely admired, but if irritated by poor preparation of tissue sections by his students, he was said to rap their knuckles. He wrote extensively on topics including the pancreas and its capacity for autodigestion, and endarteritis chronica deformans of the carotid bifurcation with cerebral embolism. He died suddenly after a throat infection.
Chiari gave credit to other writers including Arnold and Cleland. John Cleland of Edinburgh (1835-1925) wrote a brief account in 1883, and his illustrations were not distinct. He described an infant with spina bifida and hydrocephalus with the cerebellar nodulus displaced into an elongated fourth ventricle, separating the cerebellar lobes. This corresponded to Chiari's type 2.
5 Much of his paper was devoted to encephalocoele and spina bifida.
However, more than 50 years earlier, Jean Cruveilhier (1791-1874), physician, and Professor of Anatomy in Paris, in his two volume atlas 6 clearly described and illustrated* many examples of spina bifida and hydrocephalus, usually with infection of the sac and meningitis. In a second case of meningomyelocoele he described the "Arnold-Chiari malformation" with diastematomyelia (p 2) " . . .the spinal cord is divided into two perfectly distinct lateral cords; each cord giving oV nerves with their double roots . . .the upper part of the considerably dilated cervical region, contained both the medulla oblongata and the corresponding part of the cerebellum which was elongated and covered the fourth ventricle, itself enlarged and elongated."
He mentioned two other cases of hindbrain malformation observed by a M Sestier.
Julius Arnold (1835-1915) was a pupil of Virchow and Friedreich and became Professor of Anatomy at Heidelberg. His paper in 1894 was about an infant with spina bifida, but without hydrocephalus. Chiari believed that it was an example of his type 2 cases, despite the absence of enlarged ventricles. The attachment of Arnold's name is probably inappropriate since his writings were mainly about the dysraphism; and, consideration of the hindbrain descent was a small and peripheral issue.
Modern authorities regard type 1 as an ectopia of the tonsils, sometimes with minor deformity of the medulla into the foramen magnum. Type 2 is almost always accompanied by hydrocephalus and a myelomeningocoele; it includes lengthening of the vermis and tonsils and in some case the elongated fourth ventricle and their displacement below the foramen magnum. The dorsal part of the medulla is shifted caudally and overrides the cord in a Z-shaped kink impacted in the tight foramen; the posterior fossa is often broad and shallow and the tentorium may be rudimentary and low; hydromyelia, syringomyelia, and a split cord are frequent. Type 3 is a cervical spina bifida, the entire cerebellum herniated through the foramen magnum forming a myelocerebellomeningocoele. Type 4 is cerebellar hypoplasia. Chiari's classification is still widely accepted by neuropathologists. 
